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START and Stability

Abstract

In this study, which extends our investigations of prevenient stability, we examine
the effects of strategic arms reductions such as those proposed in the Strategic Arms
Reduction Talks (START). We use exchange models and the theory of prevenient sta-
bility to look at the changes in crisis stability and deterrence that would be brought
about by future cuts in the strategic nuclear forces of the US and the USSR. Our analy-
sis includes strategic defenses and hypothetical technological breakthroughs. Our
results indicate that, if force vulnerabilities exist on either side, arms reductions would
erode deterrence—the greater the degree of vulnerability, the greater the effect. Defense
of strategic strike forces, if perfected, would improve deterrence and increase crisis sta-
bility. Otherwise, it is clear that prevenient stability, as explicitly defined herein, would

be decreased. -

I. Introduction

The apparent liberalization and restructur-
ing now taking place in the Soviet Union lead
most people to believe that a strategic arms
reduction treaty (START) in some form will soon
be a reality. In itself, that belief will influence
foreign policy and military budgets almost as
much as an actual agreement would. We are
already beginning to see the formation of a con-
sensus that less reliance on nuclear arms will be
the way of the future, and we may be about to
experience an era of unprecedented reductions
in nuclear weapons stockpiles and delivery sys-
tems. This study was undertaken to analyze the
changes in stability that can be expected if such
reductions do occur.

Many aspects of the old strategic dogma, if
not ideal, were at least tolerable. Somechow, in a
world where armed conflict was commonplace,
no serious blood-letting occurred between the
Warsaw Treaty Organization (WTO, or Warsaw
Pact) and NATO. The massive nuclear capabili-
ties of the Soviet Union and the United States
were never brought into action. On the eve of
change, then, it is wise to address several con-
cerns. We should be alert to the possibility that
the new nuclear epoch may not be entirely
without its own new and troublesome aspects.
Four areas suggest themselves immediately.

First, let us consider the old concepts of
stability and deterrence and how they will be

impacted by reductions that will cause nuclear
forces to be less than half the size strategists
have learned to rely on and to fear. If itis true
today that, for all intents and purposes, we have
enough weapons to consider that half of them (or
more) are indeed superfluous, will the future not
require a redoubled effort to define how much is
really enough? As repugnant as mutual assured
destruction (MAD) may be, we still need to ask
if the concept of deterrence will be sufficiently
operative in the future. That is, we need to
quantify and compare the status quo and the
situation that may come into existence under
START.

Second, in a similar way, we must worry to
some extent about numerology and technology.
Historically, scientific and engineering develop-
ments have worked to render weapon systems
vulnerable or obsolete. Is this a concern in the
START era? Is it feasible that arsenals already
halved by legislation may be seriously threatened
by new technologies? What quantifiable changes
can we expect in the stability equations to which
we have been accustomed for so long? We need
to perform some calculations to gain confidence
as to how important these effects may be and
how much effort will be justified to insure
against technological surprise.

Third, it seems to go without saying that
START redefines the current wisdom regarding




active strategic defense. With a semi-infinite
number of nuclear warheads available to over-
whelm any given defended sector, the offense
had an advantage that was difficult for even the
most sophisticated defensive scheme to offset. In
the past, such considerations tended to cause
delay and confusion. Will future arms reduc-
tions make it possible to achieve a scientific and
political consensus for the Strategic Defense
Initiative (SDI)? Again, some calculations are in
order. We need to know how much we can
accomplish with defenses of any given
effectiveness.

Fourth, if START does indeed become a
reality, we will soon see pressure from two
groups: one, believing that START is not in the
best interests of the United States, will scek a
return to the current posture. From the compari-
son we have made between START and the sta-
tus quo, we will be better prepared to assess the
merit of their arguments. However, it is far more
likely, given the circumstances that would apply
under START, that another, more influential
group would see the apparent wisdom in further
reductions. Thus, possibly even before strate-
gists have fully recognized the implications of
drastically reduced nuclear armaments, they
may be asked to construct doctrine based on
even fewer weapons. Instead of a few tens of
thousands of nuclear warheads we may be deal-
ing with a few thousand, possibly even a few
hundred. We need to look into the crystal ball
to predict what rewards and what pitfalls lic in
future reductions beyond START.

Our intent is to cast some light on these
questions by using analytic techniques described
and used extensively in the past; namely, the
algorithms contained in the computer code
EXCHANGE 8.7. We give a brief, nontechnical
description of this code in Section IIl—bricf and
nontechnical because the references on the sub-
ject are exhaustive, and the logic of EXCHANGE
8.7 is straightforward.12

However, we take an approach that is
slightly different from our past analyses. In Sec-
tion I, we examine the physical aspects of stabil-
ity and deterrence, creating the logical frame-
work for detailed analysis in such a way that the
reader can understand the general nature of
change without reference to the results of the
code. The interplay of stability and deterrence
(what we have previously referred to as “preve-
nient stability”?) is tied to the damage antici-
pated in a nuclear war, or “exchange.” How the

damage to socictal values depends on numbers
of targets and weapons and on opposing
strategies is explained in a semi-quantitative
manner. More important, the actions the two
sides can take to reduce anticipated damage
becomes clear, and it is seen that therein lies the
root of instability in the physical sense.

Moving on from this formulation, in Section
III we undertake some detailed analysis. The
bulk of Section III deals with the analysis used to
illuminate the four areas we feel merit investi-
gation. There we describe the exchange code
used and define the input data needed and the
output, or result, of an exchange. Then, in the
first set of calculations, we compare the strate-
gic exchanges that might take place now with
those to be expected under START. Since far-
reaching assumptions must be made in defining
the opposing forces under START, these are
explained and justified, and a number of varia-
tions to force structures are examined.

In investigating the effects of new technol-
ogy and SDI, we use this same base-case START
scenario. For the issue of new technology and
the potential vulnerabilities associated therewith,
we bound the problem by assuming that various
US strategic systems simply become inoperative,
and we compare subsequent exchanges with the
base case. SDI is simulated by reducing the vul-
nerability of US forces and value elements a
degree at a time so as to offer the reader a chance
to determine in his own mind how much defense
is justified.

The question of what lies beyond START is
handled by assuming that START levels are once
again halved, but we do not try to anticipate
changes in the nature of the strategic forces so
far in the future. That is, we use the same types
of forces as in the base-case START scenario,
and simply halve the numbers of weapons and
strategic nuclear delivery vehicles (SNDVs) on
both sides.

The results of these four sets of analyses are
tabulated and discussed on a case-by-case basis.
Many of the exchanges are essentially limiting
cases that need to be heavily caveated, and this
is done. Wherever it seems useful, the detailed
results are placed in the context of the less
mathematical discussion given in Section II.

Section IV is a brief attempt to draw some
useful and general conclusions from the mass of
data. Despite the analytical rigor of EXCHANGE
8.7, the input to each exchange is open to choice.
Any analyst can use the same code to run the




same general type of problem by substituting the
forces and vulnerabilities he feels to be most
appropriate, thereby testing our conclusions. Itis
clearly impossible to examine all probable varia-
tions in input data. On the other hand, it would
not be constructive to describe all the variations

actually made that had little resulting change
associated with them. We do claim that the
conclusions of Section IV apply generally as
prudent considerations for future action regard-
ing US/ USSR efforts toward stability and mutual
security.

II. Physical Aspects of Stability

SALT and START

For some time now, the US and the USSR
have lived with nuclear arsenals that were
shaped, capped, or at least influenced by agree-
ments on arms limitations. Because nations are
slow to respond to change, it is prudent, on the
eve of a new arms-reduction treaty, to cast a
backward look.

Almost two decades ago, in May 1972, the
US and the USSR signed a formal agreement to
limit strategic offensive arms. Long referred to
as SALT I (for Strategic Arms Limitation Talks)
this agreement took on the nature of a treaty
to many, and indeed it was given a permancnce
beyond its 5-year term by the announcement of
SALT Il in November 1972. In the case of SALT
I1, the last initial of the acronym SALT eventually
came to stand for the word “treaty,” in view of
the joint signing of the “Treaty Between the
United States of America and the Union of Soviet
Socialist Republics on the Limitation of Strategic
Offensive Arms” by President Jimmy Carter and
General Secretary Leonid Brezhnev in Vienna on
June 18, 1978.3

The use of the word “treaty” with regard to
SALT Il is certainly not justified in the legal sense
because it was never ratified by the US Senate.
Indeed, President Reagan chose not to present
SALT II for ratification, as he had previously
referred to it as “fatally flawed.” With the incon-
sistency that marked most US/USSR interactions,
however, both Reagan and Brezhnev gave assur-
ances of their intent not to jeopardize the “treaty”
as long as the other side did not violate its terms.
In fact, both sides have maintained forces quite
similar in quantity to those defined in SALT I,
consistent with the need for technological
modernization and replacement.

In a sense, the recent history of strategic
arms negotiations can be termed successful in
the spirit of the original SALT I accords, in which

it was intended to first limit and then reduce
strategic arms. In the past few years, consider-
able momentum for strategic arms reduction has
accumulated, and a draft Strategic Arms Reduc-
tion Treaty is under continuing and cooperative
review by both sides.# Many detailed provisions
of the treaty have not as yet been agreed upon,
and others have not been released to the public.
The intent, however, is to approximately halve
strategic forces over the eight years following
ratification of the treaty.

Stated so flatly, this is a development of
enormous impact in the strategic relations
between the two sides. Despite the fact that
START has no legal existence at this writing, its
impact on the affairs of the United States is real
and profound. A reduction so large taking place
over a relatively few years has already channeled
the thinking of legislative and defense staffs in
the direction of what forces are to be reduced and
how strategic doctrine will be changed. The case
can be made that START is already changing US
strategic force posture and strategy.

START and Change

In the past, we have developed a structural
logic that we have used from time to time to eval-
uate actual and proposed changes to strategic
offensive and defensive forces.® Our thinking
has been based on the concept that, given the
strategic offensive and defensive nuclear arsenals
available to the US and the USSR, the incentive of
either side to initiate nuclear war (“first strike”)
is a prime subject for examination when any
change to the present nuclear force structure is
proposed.

For more than a quarter of a century,
general and complete disarmament has been the
stated goal of US diplomatic policy. Today, it is
clear that the nuclear postures envisioned under




START will be roughly halfway between where
we are today and that goal. To some, progress is
glacially slow, but a START agreement appears
to be close at hand. Change in Europe and the
USSR is moving at a pace not seen for decades,
and most people view recent events with cau-
tious optimism.

Our concern centers on the lack of analysis
we perceive to exist regarding the effects of
change on prevenient stability. We have scen in
the past that changes in strategic postures bring
about changes in first-strike incentives that most
analysts would agree are often counter-intuitive.
Much as most arms-control experts would
deny their personal acceptance of such an all-
encompassing statement, a general “theology”
exists regarding nuclear weapons to the effect
that more is necessarily bad (evil) and less is
necessarily good. Similarly, stability (in the ana-
lytical sense of prevenient stability) also appears
to be independent of arbitrary standards; that is,
no one will stand up to explicitly make the case
for “less stability” (i.e., state a preference for
greater incentives to initiate nuclear war by a
damage-limiting first strike). Unfortunately,
fewer weapons and stability are not necessarily
compatible.

Therefore, the need to investigate all poten-
tial results of agreements as far-reaching as
START is incumbent on the arms-control com-
munity. This is not to say that each and every
aspect of negotiated change must be positive for
the negotiations to be acceptable. Not at all.
However, as we demonstrate in the following
sections, START has certain negative aspects that
should be clearly recognized in order to limit or
eliminate their potential adverse consequences
and so that they may serve as focal points for
subsequent negotiations.

Formulation of the Problem

Since both the US and the USSR have agreed
by treaty that they are “proceeding from the
premise that nuclear war would have devastat-
ing consequences for all mankind,”? it is reason-
able to develop the logical chain of events that
might conceivably drive one side to initiate such
devastation. It can be difficult, given this prem-
ise, to explain how the nuclear weapon stockpiles
of the two sides attained their present size. The
kernel of the utility of a counterforce first strike
has an even longer history than the formal US/

USSR recognition of the potential consequences.
It stems from the belief that, under some com-
bination of circumstances, a nation would do
better to initiate hostilities than to await an
encmy first strike. This notion, in turn, depends
on the first-strike nation’s ability to somehow
limit the damage that can be done in the retalia-
tory strike.

Conceptually, we can use Fig. 1 to define
our terms in visualizing the rudiments of the
thought process of the strategic thinker who, for
whatever reason, rational or not, contemplates a
damage-limiting first strike. From the standpoint
that a nuclear exchange is assumed to take place,
he thinks in terms of a few simple variables.
Basically, he is concerned with the number of
weapons his side will actually deliver on the
enemy (N7 + Ny) and, likewise, the number that
will be available for use in the retaliatory strike
(N3). A prime motivation will be to reduce N3
insofar as he is able. To this end, he should plan
to use some number of weapons (N7) to attack
his opponent’s vulnerable SNDVs. Presumably,
N3 will be reduced in proportion to N1, according
to the degree of vulnerability of his opponent as
well as the degree of effectiveness of his own
counterforce assets. But, of course, his cerebra-
tions cannot stop at this point—he will have to
consider the overall consequences of his actions.

Unless our hypothetical planner has incon-
trovertible proof that N3 will be zero or that there
will be no retaliation, he must consider the rela-
tive positions of the two sides after the exchange
has taken place; that is, he must determine “who
won.” He will think in terms of the assets that
survive the war—i.e., some set of “value ele-
ments” or “value structure” that will be impor-
tant in reconstructing the two societies. In any
real projection of the world we live in, this will
lead him to divide his weapons to serve two
purposes. First, he will use some (Np) to reduce
the magnitude of the retaliation. Second, he
cannot neglect to use others (N) to attack the
value structure of the enemy. He cannot, for
example, put all his weapons in the Nj basket for
fear that his cities and towns (or whatever he
most values in his national infrastructure) will be
devastated while those of his enemy would be
untouched. Nor can Nj be zero if his opponent’s
forces are at all vulnerable, because each enemy
weapon destroyed is a value clement saved on
his own side.

This, then, is the quandary faced by the
strategist contemplating a first strike. First of all,
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Figure 1. In a nuclear exchange, the first strike (a) may consist of a counterforce attack against the
adversary’s strategic weapons (N7) and a countervalue attack against the adversary’s value structure
(N2). In (b), the adversary’s retaliation (N3) would complete the exchange.

should he strike or not? Will he be “better off” if N3 (the size of the retaliatory strike), subject to
he does so? How does he measure “better off”? certain constraints that may arise from whatever
In the final analysis, if he does decide to strike, he determines to be his “better off” criteria.

what is his optimal strategy? This last is far more
complex than merely deciding the size of Ny and

N;. He must consider the precise allocation of Damage and Deterrence

each of his own weapons in attacking those of the

enemy, as well as the weight of his countervalue Figure 2 shows two generalized “integral

strike in terms of all possible sets of attacks on curves” showing damage done to a societal value

the enemy. Stated in more quantitative terms, structure by increasing the numbers of nuclear

the task is to determine a strategy that minimizes weapons. Fundamental to analytical thinking as
5
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Figure 2. Integral damage curves. For a fragile society, the damage
inflicted (curve A) would rise rapidly with the number of weapons
employed, whereas a robust society would be able to absorb much
more punishment without experiencing a similar level of damage
{curve B). “Damage,” in this case, is defined as the destruction of the
means of a society to function. A society consisting of highly urban
concentrations of interdependent people and infrastructure would be
“fragile,” whereas a largely suburban society consisting of semiau-
tonomous entities would be “robust.” If the number of weapons used
is reduced from Ny, to N,, the corresponding reduction in the level of
damage inflicted would be considerably different for the two societies.

any such curve may be, a few of its underlying
assumptions should be kept in mind. The term
“damage,” like the term “cost,” needs to be
assigned some measure if we are to speak in
quantitative terms. In drawing a curve such as
those in Fig. 2, we define the “value” of targets

in a given society, and equate “damage” with
“value destroyed” in the same sense that the
cost of an item is defined in dollars. Each curve
is based on assumptions of an ordering of wea-
pons and of value. The value structure is bro-
ken down into aimpoints, which are assumed to
be destroyed by the weapons assigned thereto.
Weapons, in order of effectiveness, are assumed
to be assigned in incremental fashion against pri-
oritized targets. In this process, the value of each
aimpoint is quite arbitrary and is determined by
the analyst who draws the curve. To finesse this
problem, Fig. 2 specifies no numbers, either of
weapons or targets. Rather, it is merely a cartoon
that implies that the ordering and assignment of
targets has been done in a consistent way; i.e., the
targets have been ranked in value and attacked
in value order. (One-million dollar targets are
not attacked until all two-million dollar targets
have been covered, for example.)

This pedantic explanation is important
because much of the disagreement found in stra-
tegic arguments hinges on the arbitrary nature of
the values different people believe to be implicit
in the target socicty, which is an essential param-
eter in drawing an integral damage curve. Com-
paring a steep curve, A, with a gradual curve, B,
illustrates the difference between those strate-
gists who think that total damage rises quickly to
approach some large limiting value—a very
valuable and fragile society—and those who
think that it rises quite slowly and perhaps
approaches a lower limit for a society deemed
more robust, (i.e., less easy to injure). Itis
important to recognize that the arbitrary nature
of judgment as to what constitutes “value”
mceans that both curves A and B could be
intended to represent the same society as
cvaluated by two strategists with different
schools of thought.

Two more points are important. In Fig. 2,
the upper limit for curve A has not been given
a value, although it has been typical of our
thinking that destruction approaches 100%.

Note that the school of thought used to plot
curve B appcears to include the assumption that




essentially half of the robust target society’s
value is not vulnerable even when large numbers
of weapons are used. One can easily understand
that large disagreements evolve between the two
schools as to how many weapons actually consti-
tute a deterrent for the target society involved.
Also, in the construction of a two-power agree-
ment to limit or reduce strategic arms, such con-
siderations must be taken into account despite
the fact that they cannot be rigorously quantified.
If the number of weapons delivered changes
from Ny, to N,, the change in the damage expec-
ted by the two schools can be quite different.

Before we leave Fig. 2, we do have some
empirical evidence that bounds it. We know
that, today, N is of the order of several thousand,
at least for the nation making the first strike.
This makes it reasonable to believe that analysts
are accustomed to thinking in terms of hundreds
or thousands of targets. Indeed, turning to any
modern atlas or census, we find the number of
urban targets with significant population and
wealth to be in the thousands (see Table 1).

With this evidence, even given the alleged
propensity of the Soviets to build far more
military items than they think they need, it
appears that they may have constructed their
stockpile to cover thousands, rather than tens, of
aimpoints. The same might be said for the US,
since the Soviet societal structure is now rather
like our own in terms of urbanization.

For almost a quarter of a century, we have
grown accustomed to nuclear arsenals that could
blanket both the US and the USSR down to very
small target elements, certainly in a first strike
and probably (see Counterforce Incentives) in
a retaliatory strike. Even the rationale for the

Table 1. US demography in 1980.

much-advertised buildup of US strategic forces
beginning in the last decade did not depend so
much on the danger posed by the dwindling
deterrent as it did on the concept of strategic
cquivalence and perhaps later, the peace-
through-strength argument that the Soviets
would continue to augment their own nuclear
strength until assured that the US would kecp
pace, at which time an environment more favor-
able to arms control might exist. The fact is that,
for 25 ycars, almost all strategic thinkers in the
US have believed that our deterrent was ade-
quate. Some thought it was greater than needed,
while others worried about its crosion as Soviet
counterforce capabilities increased, but few were
inclined to panic. Now, on the eve of deep
reductions, it is prudent to review our under-
standing of deterrence and damage limitation.

Counterforce Incentives

Referring again to Fig. 2, we see that the
reduction of N by a factor of 2 (from N to N,)
may or may not, according to the analyst’s con-
struction of his damage curve, lead to a concur-
rent reduction in damage of roughly the same
amount. Further quantitative evaluation of the
subject leads us to think in terms of the amount
of damage reduction on an incremental basis.

Figure 3 conceptualizes a typical differential
damage curve. (Itis not the differential of either
of the specific curves in Fig. 2.) It answers the
question as to how much damage is done by
the Nth weapon, given that no changes in the
assumed value structure are made during the
attack and that weapons are assigned to targets

Population of Number Population % of total
urban target of targets (iniltlions) % urban population
Larger than 1 million 6 17.5 114 7.7
500,000 to 1 million 16 10.8 71 48
250,000 to 500,000 34 122 8.0 5.4
100,000 to 250,000 117 17.0 111 7.5
50,000 to 100,000 290 19.8 129 8.7
25,000 to 50,000 675 234 153 103
10,000 to 25,000 1765 27.6 18.0 122
5000 to 10,000 2181 154 10.1 6.8
2500 to 5000 2665 94 62 4.1
Total 7749 1532

2 Total population: 227 million, urban population: 167 million. The urban population contained in these 7749 listed places

totals to 153 million.®
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Figure 3. Differential damage curve. The damage inflicted by the first
few nuclear weapons (N}) to a target society is quite high in compari-
son to the additional damage inflicted as the number of weapons

employed increases (N,).

in order of priority. The shape of Fig. 3 is similar
to that derived from simulations made with the
value structure used for the US in Section III.

Probably the most striking aspect of this, or
any other, realistic differential damage curve is
the increasing steepness of the curve as N
decreases. The first few weapons cause by far
the most damage on a per-weapon basis. It is
fairly easy to make the case that the US and the
USSR contain value-target tiers r ~t unlike those
represented for the base case of this analysis.
This is not the same as the total value that exists
in the two societies. Some would agree that
several thousand aimpoints contain almost all
the wealth in the US, while others would main-
tain that cities and towns represent only the
manifestation of a nation’s wealth—certainly not
the basic source of it. All would probably agree
that, at some point along the differential curve, it
would be worth expending considerable effort to
save targets from enemy weapons.

Limiting Damage

Let us now consider two methods of saving
targets, or limiting damage: first, active defense
by means of antiballistic missiles and air defense
(interceptor aircraft together with surface-to-air
missiles) and second, counterforce attacks inten-
ded to destroy the strategic offensive forces of

the enemy. Passive defense-—the dispersion,
hardening, and hiding of assets in conjunction
with steps taken to speed recovery and amelio-
rate post-war effects—is not taken as lightly in
the USSR as it is in the US and represents an
important potential for limiting damage, partic-
ularly if used in conjunction with active defense
and counterforce attacks. For this discussion, we
assume that the effectiveness of passive defense
measures, where they exist, has been taken into
account in constructing the schedule of assets
represented by the differential and integral
damage curves, and we hereafter say no more
about them.

Active defense, usually considered under
the rubric of SDT or “Star Wars,” is a means of
defending both cities and strategic nuclear assets
in order to dilute an attack or force the attacker
to move to a less-damaging distribution of his
weapons. As an extension of previous work,!
we made a number of simulations of active
defense ina START environment (see Strategic
Defense by the US on pages 18 and 19).

The utility of counterforce attacks intended
to limit damage is not always so obvious. At this
point, we must stress the link between damage
limitation and vulnerability. Without vulnera-
bility in opposing strategic forces, counterforce
strikes are meaningless. Clearly, if no systems
are vuinerable, it is a waste of weapons to attack
them. If one side has vulnerabilities in its




strategic nuclear forces, an opponent may be able
to take advantage of these by a first strike. In
such cases, the incentive to make a first strike
works to the detriment of crisis stability.

To see this graphically, we refer again to
Fig. 3 at the point where a vertical line from N,
intersects the differential curve. Even a large
decrease in the number of delivered weapons
from this point does not greatly change the
destruction to be expected from each weapon.

In a word, both sides are indifferent as to whe-
ther N, weapons or (N, - 1) or even (N, - many)
are delivered. Now we go to Np, at a vastly
decreased number of weapons; here the damage
per weapon is large and changes rapidly with N.
Thus, there is a significant difference between the
damage done by Np and by (Np, - 1) weapons.
Also important is the fact that this difference
increases rapidly and inversely with number of
weapons: elimination of weapon (Ny - 1) is more
important in limiting damage than is elimination
of weapon Np. As N approaches zero, the value
destroyed by each weapon, or saved by the elimi-
nation of that weapon, becomes large indeed.

To putitin a slightly different way, assume
that one side (Red) has 100 targets of value and
the other side (Blue) has 200 deliverable war-
heads with which to attack Red. Red is not much
interested in the destruction of 50 of those Blue
warheads; that would do nothing to limit dam-
age to his 100 targets. However, if Red could
destroy more than 100 Blue warheads, he would
be tempted to do so cven if this meant he would
have to initiate hostilities. Of course, the more
weapons Red believed he could destroy, the
more incentive he would have to do so.

This incentive to limiting damage can be
intensely destabilizing. The higher the likelihood
of decreasing the number of Bluc’s retaliating
weapons, the more incentive there is for Red to
do so in a first strike. Given a sufficient vulnera-
bility on Blue’s side, Red would find it profitable
to use even marginally effective forces in a coun-
terforce strike of alarmingly robust proportions.

Kill Probabilities and Multiple Attacks

In view of the foregoing discussion, it
appears that it may pay dividends to use more
than one weapon to disable a single enemy war-
head. Table 2 displays the mathematics of survi-
val in this regard. For a reasonable range of kill
probabilities, we see the expected numbers of

survivors among 1000 IC3Ms, assumed to carry
one warhead cach. Note that, for single-warhead
attacks, even a high kill probability leaves a
formidable deterrent: 200 survivors for Py = 0.8.
However, a 2-on-1 or 3-on-1 attack, although
expensive in terms of warhead expenditures,
reduces the number of survivors to the extent
that an acceptable damage potential may exist in
the eyes of an adversary.

Thus, it is clear that vulnerability is a matter
of degree: most would agree that 600 survivors
expected after a 1-on-1 attack for Py = 0.4 is “a
lot” but that the much lower numbers for 3-on-]
attacks at higher probabilitics fall short of a
sufficient retaliatory deterrent.

This concern over multiple attacks is the
root of the US objection to the 308 heavy 55-18
ICBMs deployed by the Soviets. The limitations
proposed in START, as weil as they are known
at this writing, do nothing to ameliorate the fore-
going analysis. To be sure, START will reduce
the number of Soviet reentry vehicles available
for multiple-weapon attacks, but it will also
reduce the number of target SNDVs deployed in
the US strategic forces of the 1990s. We discuss
specific examples of this in the next section.

It would be wrong to leave this short dis-
cussion of the expectation value for survivabil-
ity on too pessimistic a note. Two related points
need to be made. The first is that the value of the
kill probability for any system will remain a per-
ception or estimate until after an exchange has
taken place. Referring back to Table 2, we can
sce the consequences an analyst would face if he
thought his kill probability was 0.7, but it tumed
out to be (.5 instcad. Such uncertainty probably
enhances prevenient stability because of the cau-
tion it engenders. A second point raised by the
same numcrology is that a small decrease in vul-
nerability can go a long way, as can be seen from
the tables.

Table 2. Survivors expected for various attacks
and selected single-shot kill probabilities (Py)
on 1000 ICBMs.

Number of survi | for attacks witl

1 weapon 2 weapons 3 weapons
Py per target per target per target
0.4 600 360 216
0.5 500 250 125
0.6 400 160 64
0.7 300 90 27
0.8 200 40 8




Consider a simple example. Given Py = 0.8,
1000 warheads aimed at 1000 fixed ICBMs would
leave only 200 survivors. However, if the target
ICBM could be shuttled back and forth between
two aimpoints with no prior knowledge on the

part of the attacker as to which of the two
aimpoints was the true location, then the same
1000 attacking warheads would leave 600
survivors. In this case, mobility would have the
same cffect as cutting the kill probability in half.

III. Simulations and their Results

EXCHANGE 8.7"

In Section II, we used Fig. 1 and the asso-
ciated text to outline the problem to be solved by
a strategist evaluating the outcome of a first
strike and anticipating a follow-on retaliatory
strike. The code EXCHANGE 8.7 was formu-
lated to give us insight into this problem, and we
use it to make four comparisons (see Tables 3-6).
To start out, we list the assets of the two sides,
including both societal value structure and
strategic nuclear capabilities, much as has been
done in Tables 1 and 5. This list is transformed
into input data for the code by including force-
alert rates as well as force-on-force and force-on-
value interaction arrays (similar to kill probabil-
ities), as has been done in Table 6, for example.
We define a value function, V, and the “rules”
governing the nuclear exchange: the first-strike
side will formulate optimal strategies to maxi-
mize V, and the retaliatory side will do its best to
minimize V. Thus, V will at once be the largest
value that the first-strike side can hope to attain
and the smallest value the retaliatory side can
hope for. This “minmax value” V is the result of
the exchange when optimal strategics are used
on both sides. EXCHANGE 8.7 does this calcu-
lation for a value function that is defined as the
difference between the residual asscts of the two
sides after the exchange. That is, V equals the
remaining assets of the first-strike side minus the
remaining assets of the retaliating side. This
value can be either negative or positive.

In discussing first-strike incentives, it is
important to realize that either side has the option
of making a first strike, national disclaimers of
any intent to do so notwithstanding. Thus, for
any given scenario (e.g., the one represented in
Table 6), either the US or the USSR can make the

* This and the following section dealing with prevenient
stability are intended to describe, for the rcader not familiar
with our previous work, the basic analytic methods used here
(see also Refs. 1,2, and 5).
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first strike. To simplify discussion, we use V to
refer to a Soviet first strike, and V' to refer to a
US first strike.

Prevenient Stability

By the term “prevenient stability,” we refer
to the disincentive to make a first, or prevenient,
strike. (We use the word “prevenient” to stress
the anticipatory nature of such an attack; we do
not use “preemptive” because we do not wish to
convey a meaning of interference with an
opponent’s plans for attack.) Prevenient stability
declines when cither of two potential antagonists
finds a direct benefit in striking first or finds a
strategic benefit in striking first rather than
suffering a first strike. Prevenient stability is
strong when there is no benefit to making a first
strike or when the benefit is so small compared
to the cost that any first strike is deterred; it
increases as the advantage to be gained by a first
strike is reduced. Prevenient stability has two
measures: crisis stability and deterrence.

Crisis stability involves a comparison that
reverses the ruies of attacking and retaliating
sides. We compare the results of two exchanges:
first, a Soviet first strike on the US followed by a
US retaliation (V), and second, a US first strike on
the Soviets followed by Soviet retaliation (V b}
The sum, V + V', represents the cost of not being
first to strike and, as such, gives us some
information about the degree of crisis instability
inherent in a given situation. The question “Is it
to my advantage to strike first rather than to
suffer a strike by the other side?” is measured by
the quantity V + V' for both sides.

An equally important measure of preveni-
ent stability is deterrence, a term that connotes
the reluctance to make a first strike because of
the terrible damage to be expected in the return
strike. Deterrence may balance crisis stability.
Even if it is better to strike first than to let one’s




Table 3. Sets of simulated exchanges described.

la. 1990 Scenarios

1.

A

10.
11
12.

13.
14.

1990 base case. “Most likely” force structures. Table 4 gives the exact input data used in the exchange.
Like 1, with no strategic force vulnerabilities on cither side (all SNDVs invulnerable.).

Like 1, assuming the SSBNs on both sides are invulnerable. (ICBMs and strategic air are vulnerable.)
Like 1, assuming only ICBM forces are not vulnerable.

Like 1, assuming only strategic air forces are not vulnerable.

. START Scenarios

START base case. “Best-estimate force structures.” Table 6 gives exact input data used. The “worst case” examined for
this scenario. Note: value structure is the same as in exchange 1.

Like 2, for this scenario. No force-on-force vulnerabilities.

Like base case, but SSBN are invulnerable.

Like base case, but ICBM are invulnerable.

Like base case, but strategic air forces are invulnerable.

Like 6, with 100 MX ICBMs substituted for 1000 Midgetman ICBMs. MXs are in fixed sites. A “waorst-case” excursion.

Like 6, except we assume Soviets have taken advantage of START bomber counting rules to add 1000 weapons to their
alert strategic air forces.

Like 6, with the number of valuc targets doubled (twice as many as in Table 6).
Similar te 13. The number of value targets is the same as the base case, but the value of cach is twice as large.

II. VIT Scenarios

15.
16.
17.
18.
19.
20.
21.
22.

START base case repceated for convenience of comparison. Exchange 15 is identical to 6 in all respects.

Identical to 7, repeated for convenience. No force-on-force vuinerabilities.

Like 16, except that US ICBMs are removed from input, to simulate failure by VIT.

Like 16, except the VIT failure is in the strategic air force.

As above, but simulation applies to removal of US SSBN force by VIT.

Like 15, the START base case, but the US ICBM force is removed by VIT (the vulnerabilitics of Table 6 still apply).
Similar to 20, but VIT removes the US strategic air force rather than the ICBM forces.

Similar to 20, but US SSBN force is removed by VIT. A “worst-case” excursion.

I11. Strategic Defense of US Asscts

23.
24.
25.
26.

Base case for START repcated for convenience. 23 is identical to 6 and 15.

Like base case, but assuming a perfect defense of US ICBM.

Like 24, but in this case we assume a perfect defense of alert US strategic air forces.
Perfect defense of both US ICBMs and alert strategic air forces.

IRuns 27 through 31 examine defense of US value structure. ]

27. 20% effective defense.

28. 40% effective defense.

29. 60% effective defense.

30. 80% effective defense.

31 100% effective defense—US value structure “invulnerable.”

32. Simulates 100% effectiveness in the defense of value asscts against Soviet ICBM and SLBM forces, but no air defense
against Soviet strategic air forces.

IV. Scenario “Beyond START”

33. Beyond START base case. Assumes a further 50% reduction after START. The number of SNDVs shown in Table 6 is
reduced by half. Kill-probability arrays are not changed; ncither is value structure.

34. Like 33, but all forces are invulnerable.

3s. Like 33, but US SSBN force is disabled (removed) by VIT. A “worst-casc” excursion.

36. Like 33, but a 50% effective defensc of US value targets is assumed.

37. Like 33, but a 100% effective defense is assumed.

1
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Table 4a. Input data for the 1990 base case.

Index Number Aimpoints Warheads/value per target
USSR
1 308 308 10
2 360 360 6
3 100 1000 10
4 25 25 80
5 20 20 50
6 25 25 100
7 500 500 30
-] 3500 3500 3
us
1 50 50 10
2 500 500 3
3 450 450 1
4 24 24 170
5 12 12 200
6 50 50 100
7 400 400 30
8 3000 3000 3
Table 4b. Py: Column I shoots at row J.
US force USSR force index
index 1 2 3 4 5 6
1 0.700 0.600 0.600 - - —_
2 0.700 0.600 0.600 b —_ -
3 0.800 0.700 0.700 - - -
4 - - - — 0.020 -
5 —_ — — 0.300 —_ _
6 0.600 0.500 0.600 0.400 0.610 —_
7 0.700 0.600 0.700 0.600 0.710 _
8 0.800 0.800 0.800 0.800 0.900 _
USSR force US force index
index 1 2 3 4 S 6
1 0.700 0.300 0.100 - _ -
2 0.800 0.300 0.100 - — -
3 0.800 0.600 0.500 - _ -
4 —_ - - - 0.020 -
5 - - - 0.400 -_ -
6 0.600 0.400 0.600 0.400 0.610 -
7 0.700 0.600 0.700 0.500 0.710 -
8 0.800 0.800 0.800 0.800 0.900 -
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Table 5a. Strategic forces of the US, 1990 (from Ref. 9).

Type Number No. warheads Remarks
1ICBM
Peacekeeper (MX) 50 <10 Newest US ICBM.
Minuteman II 400 1 Deployed in 1960s.
Minuteman II1 550 3 Some hard-target capability.
SSBN
Lafayette/
Ben Franklin 28 16 SLBM Armed with C-3 & C-4 SLBM.
Ohio (Trident) 10 24 SLBM Carries C-4 SLBM. Will carry Trident 1L
SLBM
Poseidon (C-3 & C-4) 448 8t0 10
Trident (C-4) 240 8 To be replaced by Trident I1.
Bombers
B-52G/H 250 >8 Most are modernized to carry cruise missiles.
B-1B 100 >8 Deployed in mid-to-late 1980s.

Table 5b. Strategic forces of the USSR, 1990 (from Ref. 9).

Type Number No. warhcads Remarks
ICBM
$S-18 308 <10 Most powerful ICBM.
$S8-17,19 510 6 Same size as US MX..
$8-11, etc. 320 1-4 Older types; SS-11 phasing out.
S$S-24 100 10 Large, rail mobile.
$S-25 200 1 New, road mobile.
SSBN
Yankee 15 12-16 SLBMs Oldest class, being replaced.
Delta I-IV 41 16 SLBMs D-1ll & IV are modern SSBNs.
Typhoon 6 20 SLBMs Newest-class SSBN in USSR.
SLBM
SSN 20 120 6t09 On Typhoon only.
SSN 23 80 10 On Delta IV SSBN; ncwest SLBM.
SSN 18 224 <7 On Delta 11l SSBN.
SSN 6, 8,17 500 lor2 Older missiles on older SSBNs.
BOMBERS
Backfire 290 A few Onc-way range is 8000 km.
Bear 160 A few New models carry cruise missiles.
Blackjack 15 <10 Sovict equivalent to B-1B.
13




Table 6a. Input data for the START base case.

Index Number Aimpoints Warhecads/value per target
USSR
1 100 1000 10
2 100 100 10
3 20 20 100
4 20 20 50
5 25 25 100
6 500 500 30
7 3500 3500 3
us
1 1000 1000 1
2 14 14 183
3 12 12 68
4 50 50 100
5 400 400 30
6 3000 3000 3

Table 6b. Py: Column I shoots at row J.

US force USSR force index
index 1 2 3 4 5 6
1 0.800 0.800 0.700 - —_ —
2 — —_ —_ 0.020 — —
3 — — 0.400 - — —_
4 0.600 0.600 0.400 0.610 _ —_
5 0.700 0.700 0.600 0.710 —_ —
6 0.800 0.800 0.800 0.900 — —
USSR force US force index
index 1 2 3 4 5 6
1 0.800 0.700 —_— - — —
2 0.800 0.700 —_— - _ —_
3 —_ — 0.020 - —_ —_
4 -— 0.400 — - — —
5 0.400 0.400 0.610 - _ —_
6 0.600 0.500 0.710 - _ _
7 0.800 0.800 0.900 - — —_

enemy do so, the incentive to strike is held in
check by the fear of retaliation. To make a com-
parative quantification of deterrence, we usc a
scale from 0 to 1, defined so that the damage is a
maximum at 0 and a minimum at 1. We define
the term “residual value fraction” (RVF) as the
fraction of a nation’s value structure that sur-
vives a war; that is, the total point value of the
value elements surviving the exchange, divided
by the pre-war point value of those same assets.
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The Four Comparisons

Tables 3 through 6 provide the key to a
relatively painless perusal of the data acquired in
the exchanges simulated. Since details of force
structure are highly important in any study of
this nature, we have used a number of input-
data variations in this paper to sec what useful
generalizations can be made over a range of
scenarios. The input data for each simulation are
given in Table 3. Table 4, often referred to as the
base case for the status quo, shows the forces on
the two sides and the kill-probability arrays




approximately as they exist in 1990. Table 5
reviews the strategic systems of the US and the
USSR for those readers who are not familiar with
the strategic balance today. Table 6 is the input
data for the base case for the START-constrained
scenario, circa 1998.

Table 7, a condensed and comprehensive
representation of the results of our analysis,
needs a few words of explanation. The first
column is simply a number by which we can
refer to the particular exchange scenario simu-
lated. The second is a memory aid—a conden-
sation of the scenarios described in Table 3, so
that the reader need not turn back to that table so
often. Columns 3 and 4, V (USSR) and V' (US)
list the minmax value functions calculated by
EXCHANGE. As previously, the algebraic sum
V + V is a measure of crisis stability. The next
four columns are RVF; (US and USSR) and RVF;
(US and USSR). The terminology here bears
watching: subscript 1 refers to the RVF for
the nation assumed to make the first strike,
while subscript 2 pertains to the retaliating side.
For example, in the first exchange (base case,
Table 4), if the US makes the first strike, 26% of
its value structure survives (RVF; = 0.26) and
only 10% of the Soviet value structure survives
(RVF; = 0.10). If the USSR makes the first strike,
43% of Soviet assets survive (RVF;) compared to
only 8% for the US (RVF,). The last column, N,
gives the total number of Soviet warheads used
in the counterforce role for a Soviet first strike
(the same Nj as in Fig. 1) and is useful as a
measure of the intensity of the Soviet damage-
limiting strike.

The data presented in this section are
arranged to facilitate the four basic comparisons,
which we mentioned in the Introduction as being
important to consider; namely,

* START with the 1990 strategic situation.

¢ Vulnerability induced by technology
(VIT) under START.

¢ START with and without SDI.

* Arms reduction beyond START.

These comparisons are summarized in Table 7
and are discussed in the remainder of this
section.

START and the 1990 Strategic Balance

Here, in a sense, we are comparing apples
and oranges. That is to say, we are comparing
1990 forces as they actually exist with our best
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estimate of START-constrained forces, circa 1998.
The scenarios in section la of Table 7, which are
based on Table 4, have more than twice as many
weapons as are used in section Ib, which is based
on Table 6. The value structure for all simula-
tions is the same; START will not change them.

Since vulnerability is such a key issue, we
first consider the extreme differences that exist
for various assumptions in that regard. When no
force-on-force vulnerabilities exist, V+ V =0
(exchanges 2 and 7). In this case, all weapons are
uscd to attack value structure, so it makes no
difference who strikes first. These results are to
be expected from the discussion of Section |,
because we have “assumed out” any possibility
of limiting damage. Even under this assumption,
the reader should note that if an exchange does
occur, very little remains of the value structure
on either side (RVFs are small). Many observers
would assess the no-force-on-force vulnerabil-
ity situation as satisfactory, crisis instability as
acceptable, and deterrence as high (RVFs smaller
than 10% would not scem to make a first strike
desirable). Even if only one leg of the US Triad
[bombers, land-based ICBMs, and submarine-
launched ballistic missiles (SLBMs)] is completely
survivable, prevenient stability is relatively
strong (scenarios 3-5 and 8-10). However, when
the more realistic vulnerabilities of Tables 4 and 6
are taken into account, this is no longer true.

In discussing Fig. 3, we pointed out that, for
small numbers of weapons, the incremental dam-
age per weapon could be so large that emphasis
might be placed on limiting damage. This is pre-
cisely the effect we see throughout Table 7 when
vulnerabilities exist (e.g., scenarios 1, 6, 11, and
12). In some cases, even the US second-strike
RVF increases for a Soviet first strike because
the optimal Soviet attack strategy dictates the
removal of first-strike warheads from US value
targets in order to assign them to US SNDVs.
This increases the rate of survival of Soviet high-
value targets to a greater extent than for the US
and, hence, proves to be the optimal strategy.

In comparing START with the status quo,
we sce that first-strike RVFs are generally larger
for the constrained case. Part of this increase is a
result of the fact that fewer weapons are available
under START, and, since the value structure is
unchanged, fewer weapons can be expected to do
less damage. The START simulations invariably
use all the weapons on both sides, while today
one would expect many weapons to remain on
one or the other side, depending on the degree of



Table 7. Results of the exchanges simulated.

Exchange 14 v’ RVF, RVF;
No. Remarks USSR us us USSR us USSR Ny
fa. 1990 Simulations
1 1990 base case (Table 4) 10,718 4,134 026 0.43 0.08 0.10 3,840
2 No force vulnerabilities 1,105 -1,105 0.07 0.07 0.07 0.07 0
3 Base with no SSBN vulnerability 6,875 2,859 0.15 0.21 0.07 0.08 1,842
4 Base with no ICBM vulnerability 5,939 -45 0.08 0.13 0.08 0.07 1,240
S Base with no strat. air vulnerability 2,912 972 0.08 0.14 0.08 0.08 3,600 v
Ib. START Simulations
6 START base case (Table 6) 10,419 337 033 0.58 022 0.29 2,132
7 No force vulnerabilities 2,905 ~2,905 0.07 0.15 0.07 0.15 0 )
8 No SSBN vulnerability 6,656 265 025 033 0.10 023 1,000
9 No ICBM vulnerability 8,658 ~1,613 0.11 0.42 0.11 0.16 1,000
10  No strategic air vulnerability 5,876 ~2,078 0.10 032 0.11 0.17 1,000
11 Like 6, but 100 MX 14,115 337 033 0.65 0.16 029 1,432
12 Like 6, but 2000 USSR air weapons 14,995 278 0.33 0.79 027 030 3,694
13 Like 6, but 2 x No. targets 22,696 ~2,492 0.40 0.78 0.40 0.42 3,100
14 Like 6, but 2 x value targets 20,838 674 0.33 0.58 022 0.29 2,132
II. VIT Scenarios
15 START base case, like 6 10,419 337 0.33 0.58 022 029 2,132
16 No force vulnerabilities 2,905 ~2,905 0.07 0.15 0.07 0.15 0
17 Like 16, but US ICBM out 5,498 ~5,498 0.07 024 0.07 024 0
18 Like 16, but US strategic air out 5,605 ~5,605 0.07 0.25 0.07 025 0
19 Like 16, but US SSBN out 8,615 ~8,615 0.07 025 0.07 025 0
20 Like 15 (base), but US ICBM out 14,915 ~2,747 0.28 0.65 0.13 036 1,132
21 Like 15, but US strategic air out 10,767 355 029 0.58 021 038 2,000
22 Like 15, but US SSBN out 20,869 ~8,183 0.10 0.95 022 039 2,156
IH. Strategic Defense of US Assets
23 START base case (like 6) 10,419 337 033 0.58 022 029 2,132
24 US ICBM defended 8,658 337 033 0.42 0.11 029 1,000
25 US strategic air defended 5,900 337 033 032 0.11 0.29 1,000
26 Both air & ICBM defended 5,800 337 0.33 031 0.11 029 950
27  20% effective city defense 7,928 3,278 0.32 0.62 0.36 0.18 3,144
28 40% effective city defense 6,578 4,218 036 0.59 0.46 0.18 2,638
29 60% effective city defense 4,547 5,498 0.50 0.59 0.46 027 2,450
30 80% effective city defense 390 10,307 0.59 0.58 0.61 0.18 2,144
31 100% effective city defense 6,304 18,012 1.00 0.64 1.00 0.17 3,144
32 Like 31, but no air defense 2,502 17,626 0.99 0.55 0.49 030 2,594
IV. Beyond START '
\ 33  One-half Table 6 forces 11,348 -1,246 0.40 0.78 0.40 0.42 1,550
34 Like 33, no force vulnerability 3,616 -3,616 025 036 025 036 0
35  US SSBN removed by VIT 17,547 —6,185 029 0.97 037 0.49 1,078 o
36 50% effective city defense 6,936 4,683 0.71 0.74 0.53 0.49 1,066

k4 100% effective city defense -2,842 14,003 1.00 0.83 1.00 043 1,578




vulnerability and the size of the counterforce
strike. Simulations 1-5, for example, indicate
that today we could expect several thousand
Soviet and US weapons to remain after most
exchanges. For the same scenarios with START
forces, simulations 6-14 show that both sides use
all their weapons in an optimal exchange.

Another reason for the change in RVFs is
accounted for by the damage-limiting tactics
used in the first strike when vulnerabilitics exist.
Without START, even when critical vulnerabili-
ties are assumed, usually enough weapons sur-
vive on the retaliating side to cover at least the
high-value targets of the attacker. This is not
always the case under START. One would tend
to argue that destruction of a large fraction of the
Soviet value base under the 1990 scenario con-
stitutes a good deterrent. The fact that the com-
parable number under START is only about half
as large should not be taken as proof that the
deterrent has vanished, particularly in view of
our caveat that numbers mean little here in the
absolute sense. However, the trend is meaning-
ful, in that the scenarios are precisely compar-
able. Deterrence is not necessarily enhanced by
START; in fact, the simulations of Table 7 indi-
cate just the opposite.

Scenario 11 addresses the possibility that
100 silo-based MX ICBMs could be the system
of choice for the US. If so, a Soviet first strike
would attack each MX silo with three SS-18 re-
entry vehicles, and the Soviets would benefit
from the concentration of warheads in so few
aimpoints. Although the simulation is not
included in Table 7, if the US used an effective
mobile system for basing MX, the Soviet gain
would be smaller. In fact, a system providing
ten aimpoints per mobile MX ICBM would be
identical to the base case.

START “counting rules” allow a bomber
that is not a cruise missile carrier to be tallied as
only one warhead and one SNDV. However,
modern strategic intercontinental aircraft can
carry many short-range attack missiles and
gravity bombs. Either side could deploy more
weapons than are used as input to the START
base case (Table 6) simply by loading up
bombers with weapons other than cruise mis-
siles. Scenario 12 simulates an additional 1000
air-delivered weapons on the Soviet side and
indicates the destabilizing effect this “loophole”
in START could have. Comparcd to the base
case, we see V rise to almost 15,000 from 10,419,
and RFV; (USSR) increase from 0.58 to 0.79. If
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START counting rules remain unchanged, the
US would do well to look toward improved air
defenses.

The last two simulations of this section
investigate the cffects of doubling the value
structure by both sides. In one case (13), this is
done by doubling the number of targets; in the
other, by doubling the value of each target.
Changing the value of cach target represents a
change of scale only, much as if, in a rubber of
bridge, the stakes were twice as large. In this
case, optimal play ot the hands would not
change, and so it is in scenario 14, The only
change from basc-case results is that V and V'
are twice as large.

If the number of targets is doubled, the
importance of limiting damage is emphasized.
Consequently, both sides concentrate more of
their forces in the counterforce phase of a first
strike. As we saw in the discussion of Fig. 3,
more-valuable societies are damaged more
heavily by nuclear attack and therefore have
greater incentive to limit damage. Generally,
strategic-force vulnerability and grcat societal
wealth go hand in hand to tempt a prevenient
attack.

In sum, this first set of simulations indi-
cates that there does not scem to be a great deal
of difference between the constrained and the
unconstrained scenarios as long as strategic
forces are relatively invulnerable. However,
in those scenarios in which vulnerability is
assumed, particularly in the SSBN force, crisis
stability is fragile and deterrence is reduced.
Since the US does rely heavily on its SSBN force,
it is not surprising to find that, if vulnerabilities
are assumed here, prevenient stability suffers.
What may be less obvious to most observers is
that START docs not help matters. Indeed, in the
simulations made here, START exacerbates the
erosion of deterrence.

Vulnerability Induced by
Technology (VIT)

The next set of simulations examines the
consequences if vulnerabilities induced by the
burgeoning technology expected in the next
decade lead to a disabling of any one branch of
the US Triad.

A look at Table 7, exchanges 15-19, makes
it clear that VIT of any given branch of the Triad
under START would not in and of itself provide




an unmanageable change in prevenient stability.
Unfortunately, the assumption that leads to this
statement is that there are no force-on-force vul-
nerabilities of the type shown in Table 6. Thus,
the world of START has two faces. If we can
control vulnerability by international agreement
or by active/passive countermeasures, we can
look forward to a worst-case possibility (19) that
most would find tolerable. (The loss of the
undersea branch of the US Triad in its entirety
surely comprises a strong “worst case.”) Itis
clear that if no vulnerabilities exist other than
those caused by VIT to a single branch of the
Triad (17-19), the condition is favorably com-
pared to the base casc for START. However,
force vulnerabilities throughout the Triad, cven
those partial vulnerabilities assumed for the base
case, feed upon each other in a synergistic way
(see the simplified example on page 9). If VIT
exacerbates these, we face the grave danger that
a situation very favorable to the USSR will exist
and a breakdown of prevenient stability will
occur, as exchanges 20-22 demonstrate.

The last of these, 22, is a troublesome exam-
ple of a worst-case possibility. We would proba-
bly be ill-advised to take the 95% survivability
of the Soviet value structure resulting from this
simulation at face value, but it is undesirably
high and suggests an extremely high Soviet
first-strike incentive. The obvious lesson is that,
under START, failure to guard against VIT could
have disastrous consequences.

Strategic Defense by the US

We have previously examined prevenient
stability in the context of strategic defenses pro-
tecting US and Soviet value structure for present
forces.* The material presented in the next sec-
tion of Table 7 uses the same general techniques,
assuming START forces. The effect of defenses
is simulated by reducing the kill-probability
data used as input to the code. For example, a
50% effective defense of US value structure
means that the kill probabilities for Soviet strike
forces against US indices 4, 5, and 6 in Table 6
are cut in half.

* See Ref. 1. We assumed a randomly subtractive defense of
value structure independent of the number of attackers; i.e.,
one that could not be saturated. We found some instability
when both sides had partially effective defenses of their cities.
Otherwise, defenses were in the best interests of the US.
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Unless otherwise noted, the strategic defen-
ses assumed for this section are effective against
Soviet bomber weapons as well as ballistic mis-
siles. This 1s an important assumption and is
discussed later in connection with exchange 32.

Defensce of both our strategic forces and
value structure should be an important part of
strategic defense. As can be seen (simulations
24-26), this type of defense tends to reduce both
V and the Soviet first-strike RVFs. It is particu-
larly effective in the case of the defense of air
bases. These trends can be considered to be
stabilizing and, in addition, they are desirable
because they improve the outcome from the US
point of view. It is useful to note that defense of
strategic air asscts is more effective than defense
of ICBMs, largely because of the number of
bomber weapons located at only a few aim-
points. The fact that exchanges 25 and 26 are so
similar has its roots in the discussion on vulner-
ability and damagc limiting in Section 1. If US
bomber forces are vulnerable, it pays the Soviets
to allocate 1000 ballistic reentry vehicles of the
§5-18 type in a one-on-one attack of the US
Midgetman force, but if bombers are not vulner-
able (i.c., all 816 air-delivered nuclear weapons
can indeed arrive on Soviet value structure), the
damage inflicted by Midgetman is then associa-
ted with only the least valuable Soviet assets.
Consequently, it is not worth the effort to attack
Midgetman.

Two points are worth emphasizing in con-
nection with the defense of strategic strike
forces. First, such defense is essentially a non-
threatening action, in that it reduces the value of
a Soviet first strike without increasing the incen-
tive for a US first strike. Second, strategic strike
forces, particularly bombers, are located in a few,
relatively small arcas geographically and, from
that standpoint, should be more amenable to
protection. Both of these points strongly suggest
that defense of strategic assets should play a
distinct part in any future SDI schemes.

Exchanges 27 through 31 examine the
dcfense of value structure. It is not surprising to
see US second-strike RVF values increase with
increasing defense effectiveness. And as US
residual values increase, V becomes smaller and
V larger. Itis in the interest of prevenient
stability that the changes in V and V' more or less
compensate, so that the sum V + V remains
about the same as in the base case. Of course, as
US second-strike RVFs increase due to defense,
so do US first-strike RVFs. Therefore, the Soviets




would see their deterrent decreasing along with
their potential gains from a first strike. On the
other hand, Soviet first-strike RVFs remain high
no matter how effectively the US value structure
is protected. This is a result of the way Soviet
optimal first-strike strategies change with US
defense effectiveness. To oversimplify, consider
a perfect city defense: any Soviet weapons fired
in a countervalue role would be wasted. This
would not remove all incentive for a Soviet first
strike because the counterforce option would still
be open, and Soviet strikes against US strategic
forces would be useful in reducing damage to the
Soviet value structure. This is why RVF; (USSR)
remains roughly constant as US defense
effectiveness ranges from 0 to 100%.

Before moving on to our simulations in the
world “Beyond START,” we should go back to
the assumption that SDI included defense against
bombers. A “bomber-leaky” defense could well
negate any advantages gained by SDI. This
important point is not often stressed, perhaps
because we feel that bomber defense is “casy”
and bombers are more “stable” than other
weapons.” The fact of the matter is that neglect
of air defense is quite destabilizing and tends to
erode the benefits of defense against ballistic
missiles. Note that simulation 32 is the least
stable of all the simulations of Part IIl and that
US residual assets after a Soviet first strike are
only half of what they would have been with
assumed effective air defenses.

Beyond START

In Part IV of Table 7, exchanges 33 through
37 explore a few aspects similar to the START
simulations of Parts II and III for the case of even
deeper cuts in strategic arms; namely another
50% cut in the START forces shown in Table 6.
Recall that the US/USSR value structures do not
change throughout the tables, so value consti-
tutes an even greater port of the total assets on
the two sides. “Beyond START” assumes
slightly fewer than 3000 weapons on each side,
with value structure remaining at 28,000 points
for the USSR and 26,000 for the US.

To first point out the trends resulting from
reductions, we review the three base cases (1, 6,
and 33). The value V stays remarkably constant,
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which means that, for a Soviet first strike, the
residual assets of the two sides change to com-
pensate. Because there are fewer weapons, both
RVFs rise. V decreases a little because the kill-
probability arrays remain the same and because
we have assumed a greater counterforce capa-
bility on the part of the Soviets. Both sides con-
tinue to use counterforce attacks in roughly the
same proportion as before, but the Soviets benefit
a bit more from such tactics. One notices a little
decreasein V + V in making the comparison, but
it is not significant.

The increase in residuals presents a more
difficult topic for evaluation. Second-strike
RVFs increase as arms are reduced, and it is
difficult to argue that this is not a direct bencfit of
arms reduction. On the other hand, first-strike
RVFs also increase, and this does not enhance
deterrence as viewed either by the US or the
USSR. There is also an imbalance, in that RVF;
(USSR) is almost twice as large as RVF; (US) in
exchange 33. This decrease in deterrence is,
generally, the fly in the ointment of arms reduc-
tion, as we have already seen. Of course, if there
were no nuclear weapons, there would be no
nuclear deterrent, so the trend we notice is not
unexpected nor is it necessarily unacceptable. It
is unpleasant, however, and hard to deal with.

We next note that defense of value struc-
ture has about the same effect beyond START as
under START. Defense is very much in the best
interests of the US. It does not substantially
increase crisis instability, but it does help to
even out the disadvantages the US experiences
because of the Soviet counterforce offensive
edge. At the same time, if we compare the cases
for no force vulnerabilities (34 and 16), we find a
better world beyond START: crisis stability and
a strong deterrent exist simultaneously.

Both simulations 22 and 35 make the worst-
case assumption that the US SSBN force is
removed from the respective base cases. In
simulation 35, we are pleased to see higher
second-strike RVFs on both sides. But we face
the same quandary as before: the first-strike RVF
for both sides also increases, to the detriment of
deterrence and prevenient stability. In sum,
beyond START is not a striking improvement on
START. The same costs and bencfits we quanti-
fied in passing from the present force structure to
START apply to reductions beyond START.




IV. Concluding Remarks

The successful negotiation of a START
agreement and its ratification by the US and the
USSR is expected to produce a number of bene-
fits, some of which bear on prevenient stability.
In a world in which costs and benefits often more
or less balance and as the analysis we have just
discussed indicates, the absolute “goodness” of
arms reduction examined in the context of
stability appears to merit a bit more skepticism
than accorded in the common wisdom.

To be sure, this paper did not pretend to
speak to the advantages that may be derived
from START in a political, cultural, or economic
sense. Nor should it be taken as an argument pro
or con on an agreement that has not yet been
codified. Still, as a result of this work, our atten-
tion has been drawn to several points that merit
the consideration of strategists in the START ecra.
“Merit the consideration” is perhaps too timid an
expression. Indeed, great risk will attend the
neglect of certain facets of stability that we have
examined. For emphasis, we repeat them here.

Because of the large reductions in strategic
nuclear weapons it proposes, START would act
to decrease the damage done in the event of war.
This benefit is not without some subtle cost. As
long as vulnerabilities exist in the strategic strike
forces of the two sides, the incentive for a first
strike will be somewhat more pronounced under
START than it is today. The reduction of stra-
tegic arms is often taken as the equivalent of
a reduction in vulnerability and an increase in
prevenient stability. This is not the case. While
START does little to damage either prevenient
stability or the security of the US, it does nothing
to remove the problem of first-strike incentive in
the presence of force vulnerability. Indeed, it can
have the opposite effect. The reason for concern
lies not so much in the lessening of the deterrent
as it does in the erroneous belief that arms reduc-
tions in some way solve the problem. If this
view is and remains dominant in thinking about
national defense, future expenditures and tactics
needed to maintain survivability may be in jeo-
pardy. That this may be the case should not be
construed as an argument against START. Negli-
gence in matters of national defense cannot be
attributed to treaties, real or proposed, but rather
are indicative of the failure of national will or
understanding. Nevertheless, the concern
remains.
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As a corollary to this point, the subject
of VIT is at once troublesome and elusive.
Troublesome because we have seen the dis-
astrous consequences that can arise if technol-
ogy causes unanticipated vulnerabilities, elusive
because we are dealing with force structures and
technologies that are so far off in the future as to
be ill-defined. If anything, reduction in the size
of strategic forces tends to increase our concern
about this aspect of vulnerability.

With regard to SDI, we noted that the
defense of strategic strike forces was important
and should perhaps be attended to prior to the
defense of other assets. In particular, as long as
the US relies on strategic bombers as part of the
Triad, defense of their bases is a good option.
Morcover, air-base defense increases crisis sta-
bility. Insuring the survivability of a large retal-
iatory force further reduces incentive for the
Soviets to make a first strike. Of course, defense
of strategic strike forces does nothing to increase
other US residual assets after a Soviet first strike;
our cities and other centers of value need to be
protected for this to be the case. Reductions in
numbers of weapons would appear to favor
strategic defense of value centers, in that viable
schemes need to deal with a lesser threat under
START than is the case today. In and of itself,
strategic defense of the US value structure does
little to change the state of prevenient stability. It
does greatly increase the survivability of the US
value structure, even under a Soviet first strike.
In this connection, we have stressed the impor-
tance of bringing air defenses up to the same
degree of effectiveness as defense against ballistic
missiles. It is an exercise in futility to construct a
defense against ballistic missiles and then neglect
air defense.

As the new decade begins, it is not entirely
fanciful to suggest that the desire for arms reduc-
tion will continue to grow so quickly that US and
Soviet negotiations will be unable to keep pace.
The years beyond START may bring further
reductions to strategic arms, perhaps even with-
out benefit of treaty. In short, the step from
START to “Beyond START"” brings us neither
great additional cost nor benefit in terms of
stability, but it can result in a situation more
readily perturbed by VIT or other factors.

The quandary persists: fewer weapons
mean less potential destruction in a nuclear




exchange, in itself a highly desirable consequence
of arms reduction. However, insofar as increas-
ing residual assets increase the incentive to strike
first, deterrence becomes less strong. No clear
resolution will be possible unless nuclear wea-

invulnerability is achieved, or perfect defenses
arc developed. Allare unlikely. How far, if at
all, we proceed along the path of strategic arms
reduction will remain a quandary to be resolved
by the body politic.

pons are eliminated, complete offensive system
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